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'NOTICE When Government or other drawings, specifications or
other data are used for any purpose other than in connection with
a definitely related Government procurement operation. the U.S.
Government thereby incurs no responsibility, nor any obligation
whatsoever, and the fact that the Government may have (4rmulated.
furnished, or In any way supplied the said drawings, specifle"."fons
or other data Is not to be regarded by Implication or otherwise as
in any manner licensing the hce'zr or any other person or corpora-
tion, or conveying any rights or permission to manufacture. use or
sell any patented Invention that mnay in any way be related tnereto."
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Nrandm Report go. Ul-59

Ivatian of You ?ypn of MM Protectiv'e Suits (U)

(1) In accordance- with Interserwlce Saqppl3. uppcr-t Agreement
0063-3166 amued to the BW Laboratoriss, Fort Dtrick, "arLand by tbe
Clothing and Texile DIvisio, U.S. kI"l Suqply Research and Developmnt
?acilitp Rhynmu, N.J., fccr "ap of protective suits were subuitted for

3evalauston TMe of thee suits tjee Wfreint Mcdels of the MS
Zzpa-Imetal, Dlecntwdnaticn Suit. The fourth a'dt wasn an experimental
Wet Weather Outfit. A descritien of each of the fou tyes follows:

(9) ?Ype 1- (M~ ). This suit Isa one-piece impermeable garment
mod frimstadad !utl-coted fabric with :ttacbed fcotgear and

p- -&bie by a ccmination ef a puset seal and water-proof iipper. nhe
heAd with a WT piotective mask attacked isa an integral Part of the suit.

(0) Inae 2- (MMCi). Thin suitis the ami as Type I e.xcept that
the MI msk to detached frts the suit (Ficure 2). The suit han an
attached hood which is soled to the mask facjepiece Ly inamw of a srecla11y
designed rube closure arrnmt a'" .iure .3).

(U) Type 3 - (M . ThUnsuit i he $me UType2except that te
suit is permable (figure 4a). ThIn tr,* has a laytr of imp.regnated filter
usterial both in the front ard back of the suit (Fistre 5). The puarpose
of this mdi Ication is to ;.rvids sca degree ofY ~t~ to the wae.

(U) Type 4~ - This suit is a wet weather outfit fa~ricated from a
ravpmas coased material, -cm;1eta with ;arks and overall-. trou3s

(U) Three suits of each Mye were r'eceived tcr evaluation. 12ch of
tbe protective suits was worn over a ruit of two-p~iece cotton long under-
wear. Cotton glovesa and axks cam' eted the ensemble. is* areed by Mr.
E'tard Chacbrier,, Project "f icei, M.. Naval Su~j ly Research ard rewel:.-
rout Facility, and Chiefs Protection '-u-th, Phyticail Dfe-#se Divisica, orst
of the bmelve suits wan Utod in duplicats.
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reofetweepsees dainacodcas c 16 () Th tests wire cor.u acted over a six day :aeiod vith meauit of

ams per liter. The char--s operetad at a teoratmr of AC.

MU The samler utilize! '.n %Uis e,2luata consisted o'f a 3 cm2
eot+ twill m1etangular cloth Iatch attaciind to 4 3-irch st-ip Of J-inch
&bl-coated pressur senaiti-. tve. 'hase patch samplers were tae
to the skim az'd anerwea, reah- tiiely, in the f1lcvwin4 cur antcaceal
wos scapular and smmusy (lwiu meck), epigastric ad modian dorsal
(weus ulnar atibrachil (we:'t) &nd !.ower favaral. (upper kme)o Th
imem' patch locations are shown In Figure 7. A patch s~Mlw was also
anusd In the head aroe Thim na-ar was Flaced on the mask harness ard
to spores recovered from this aea'pler were coosidered as penetration to
Sm akin. Four amplers also, o r atta-ched to the outside of the protective
suits, tro on the cheat and on.- mu each thi~t.

MU Upon enter-ig the e. -)osure c~aar~er (Figure 8) tLg subjects were
seated for a l-hau period except when peertoring the folowing seies Qt
exorcises at 15-miniute intar-ala:

1. Touzah toes t~.ice, hold fcr 5 -ota each.
.Arm exercise.

a. Hands on hips
be Extended arm to side
e. Wareded arm or-ward
d. ExturJid to aide
e. Wxtnd over head
to WPMen to side
S. Hands on hl ps
h. Arms down

3. Deep knee bond twice, holA f=r 5 counts oac .

(U) At the conclusion of the tost ;*i:d *he r .**cUt left The ciAmber
through two airlocks uahizh were cr~nartI7 aijw&3hedo The octr layer ;atch
samplers were removed In the first airl,--k ad all uzderwear and skin amplers
in the second airlocl, The rectanjlar loth ratchet were then asortleafly
ramwd five tie tape and transfterred to 13 millitor wxter blanks.
following thisf, they were host-shocked far 10 mir-tea at eW$C ard thin
shaken for 10 aLnatcs. Agar pour rlc tea of the water welur-tan cortaW"n
th rob-zended srores were und In d~a.-Atz the total mabor ro~tkirwd .7
each sapler,
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(U) During oach day's tests a control subject wab dressed in ow of
the test suit ansemblas with the patch samplers in place. This coatrol
@*Ject remained in the airlock Untead of entering the exposure chamber,
but otherwise ft1lowed the test procedure. The purpose of this test control
was to aweatain that the sampling techniques employed were stalils.

RESUTtS AND DISCUSIC

(U) Tba gscvemtric man per cent leakages for etch of the twsive suits
are presented In Table I. These mans were computed by adding the wdear-
vew and skin patch spore counts so that thm total ieikage at a given
samplizg area id~ht be determined. The ratio of this total to the average
co'mt obtained frm the four outside layer patch saiplers was -onvarted to
per caent leakage and then to logaitm for statistical analysis. The
aalysis or variance is given in Table Il.

(U) This analysis shows that differences among suit trees where highly
significant. Iye offered the greatest protection followed in order by
?yps 2s 3, and 1& The penetration through Type 1 suits was significant.,
lower than that for the othbus types. Penetration throso Type 2 was
significantly less thwn that for Types 3 and 4. The leakage difference
between Types 3 and 14 was not significant. Geometric mans expressed as
per cent reduction (i.e., 100% minus per cent leakage) are listed for the
fcmr typesa

Per Cent Reduction

2 99.758
3 Y8.652
14 96.254

(U) With the exception of Type l# there was appreciable variitin of
suits within ty;e. Howevtr this variation was not statistically significant
when compared to the rand~om variati1on encountered throu+.ciat the testa.

(U) Leakaga at the different 3w~livig locatlfv'.' varied siarnificantly
sang suit types (Table 11, line lio . These Jifsii?'Kss are undceabtadly tue
to the various types of suit desi,.. T J12 s UbaL1,-t.t,td by tle fact that
the resulte show that the -ca~zit - atscra'ion -f Tj-,es 2 and 3 suits cccurrtd
at the ampling locations of trve -4t x, amt to the mom t vulnerable par t
of the respective suits. To~ illustrate, Type 2 yielded the Mratmat pons-
tton at the lower neck. Patch samplers at this location collected the S.
lobil spoes penetrating the rubter closure arrangement which was tna
te soltbe suit to the 1partphoory of the detached !tXV mse. Typi 3 which hat'

a permeable laye of impregnted filter 'wat.arial In the friat and rear of tha
waist area showed tie -rsatest oenatration at thee sampling locations (7.69%1.
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A filter Aenttration test perforud an a douhie layvr of this ii~regiatad
maiwisl showed that t material allowed a Be glbii spore penetration
of 7.36, per ceat* Thus, the leak-ae of thiietyji-s'oiiRit at the waist area
is ujW~cbt..0 42= to the ineffectiveness of the filter material against
particleeIn " Il to 5 idron site range, Cu the otherhand, Type I
dimnnhtraed wo sij.tlfcant difference In leakage at mny of this five sampling
ameas. This tjpe, which to imeresable wit the mask as an integral part of
doe uit, does na, passees my feature W&ic can be considered as potentillyq
vuloerabLa. ?y;e ?As 4 wet-wesather otfit, was not ;rinmar issigned as a
M proteotivs .0te Rewever, it was included In this evaluation in order
to obtain an iudi tetion of the amount of protection which could be expected
If wo: n a contamLim tad area,

(U) The geometric men per cent penetration was also cosputad at
each sampling loca n tcr the skin and underwear layers, respectively.
laem moms ane given in Table MeI

(9) The werage spoe count on the dail control patch amplara wasn
lass tham 0.1. TIs Indicates that not. only were the Individual samplers
sterile, but alec dermcatrates that ths technique of placing the samplers

=Asubsequently removing that was satisfactory,

(C) The M3 protection afforded by Type I and 2 experimntal suite
compares very favorably with that of the m-eadcal Corps M0 Protectiv suit.
This latter suit gives the wear-jr 99.5 per cent protection. Simse * 10
Protective Suit provides adequate rteotton for %se by specially traired
decontaminiation personnel, USN D-.%ti'ntal Decontamiziation Suit madelse 1
and 2 (D7C2 and 07C&) can aso toe -,1,er-.4 to0 be adequate for use in EW
cootzminated ares.

(C) The Vet-Id~atka. Cutfit (TP Ia) afirde apfroximately the saw
tf a protocticni am an~ U.S.A. ftt;a aIformG when worn witk boots,

socks, 9lo108 aud hVhl Fte-4t!t. Mask ocaretos with an 1.qpregnated hoodl.

t!2'CVTA .t1aTIc^ 3=23

MU Fouar oz OMe twelve ---%ite incudizw. gloves 3Mt masks were decon,-
'aminatod ttwes times while ue' elift enjemkleg were decontaminated
Ace. These iteas were *,qceesd to 4 w.'%.:itratiok -it 195 millieram of
ethylene oxide rer littr of syce f'-p Yllowing this, they were
a"rated for ?-Louas friar t.- use. A -- ,3 1nsrectilon was aasie of each suit
afto 3act~t.n o aidvuro, '-3 41!1:h t-dH ho attrtut*4 to the
ethylene oxide were observed.

MU In order to rs~er~t seU-Ise~ oxide adsorpl-A-a by tk a ~dster
charcoa layer, the '!qn1MPr ;it -e' moved tr~u *act wask during the ex-
P0awe perIod. I'M exterlor surfaice of tV-634 covondats was 4econtaminated
by wi1ping thoroughly with a t'lach 3014 Uon eenttaining 10W) yrm a- tilabla
chlorine.
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MU Table I kaaws that *!,A uverall .-eeimtrec moan ;or cent 9W
paantrsticn was 0.253 per cen~t oar replicate 1 (ifr eotanain
and 0.226 per cent far rerlicate 2 (after ame or more decontaains ticus).
IM_ effect of decontamiration an irdicated1 -y the replicate man sqaare
(Ua 1a Table fl), was negligiole. No slimificant differences among
suit tyeeu, vw.±eh would indicate telr lma-ilit7 to withataiad ethylene

dedecontamination were detected.

£CKMCLZXV.12T

(0) The excellent tochr cal assista~ce rendered dining these etas
by N1lein 1. Filler; James Lavis, V0C, UMt Joserh A. Milo, Jr., 100.,
Mt and Hulett Reristar, HIU M Is graefully acknowledged. The
statistical analysis of the data. was lerfcrwed by Charles W. Rig,
Nsthmwnac Division# Fort DstrI,-k.

r*W .TPS o UnPro'*ctiYO suit.s h tested in an
aasol of D 7 j~ ei spores. Three of Uoso tyres wee different -models
Of the - 0 pI' ~qn Docontaiinstion St Tle fourth type was a
Wet Weather Outfit.

AStatistical Aalysis Of tkA res-alts shiowed that differences

integrated sesk) offered ti. greatest roocton followed in order by
Ty"e S (lIq~ormeable with detached mask), ?. 3 %parmsable with detached
mask) and TYpe %'sot weatther eitfiti. T et ontratlon threuib ?-,A 1
wes significantl~y lower than tkAt for tbe other "ape. Penetration
through Type 2 was sinifieantly loe than "Zat for Types 3 and 4. The
l6apg difference between ?y,*s 3 and 4, was not signiti" cnt. aac
at the five @a-rrliag locsions varied a rinflcaritly among suit types.
These differences arm dul.aixedl due -o It*e various tjes of sUit deal ,
aince, the greatest 3jcre urj iration for e-,:h tyF* occurred la the moat
vulnerable area.

Zi4 No adverse offoc ta -n t.e twelve 9 41 - as a iault~ ce. otleae
ozd dacontat4Irmit~on were vis.41y oosurve-4 jr Jindici'ed )y the toot
iesul to.
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TAMS 1.

Gemtrio Nmsa Per Owt Pnetration for Fou 7"e. s of U= Prot.ctive Suit
(Comimd Ondu.ar and Skin Lmqr ota.s) ()

lotst Test agent - 3" globigii; Type of samplr used - 3 Cal cotton twU.1l patch

SuIa lmatina
lawOR Suit Type

Tye It Beed Back Waist Wist Iwso loana Mba

1 O.M o.002 0.002 0.0C 0.002 0.002
5 0.8 0.027 0.0m0 O.. 0.000 0.002
9 00 0.000 0.000 0.000 0.010 0.002

;.T M. U.= o.W V = - 0.002

U 2 0.235 10.1 2.M 0.80 1.78 1.516
6 o.0o3 1.1 0.709 0.180 0.22 0..6,

10 0.1 0.77 0.19 0.006 0.0m 0.0
9.Q -T= T~ mi T~ O 0.2U42

I1 3 0.362 3.580 2.1n2 0.239 0.218 0.n2
7 0.U7 6.721 12.3" 2.635 3.706 2.60?

1U 0.017 6.202 IM,19 1.356 288a 1.1
. % .r -rm u-w io' 1.34a

IT 4. 0.724 J-650 0,033 3.87? U1.3C9 1.317
a 1.967 9.626 2.L$2 I.66 2.873 3.630

12 6.886 22.2M9 15.,8 11.89 _L. 10.989
=i i- M. -- 3.76

Replicate ii

1 (SBf.,. becontm±nau.±n) 0.253

2 (After am or ar1wct'. ~ d%*4c3 ).24

Confidence LA-it Tacters (WS tvsl)

2.9
?Y. 11, ZII, IT 5.5
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?ABUI ".

Amlpia of Vartanco for Y'o'ur "7p*u of U= Potective Sults (U)

146 (Fer Cent wtre*.tiou * 0.001)

Lim 1.. Sourco of Varietiom df sq..r Line F Prob.

1 ROPUCtG 1 0.06093 9 4 1 3

2 aag3 ta (3) 1. 17.16731 - - -

3 Ty" (T) 3 57.UL328 a 20.9 &IS

4 3ut.uf?. 1 2 .01222 u z.1 .'

5 S3" ta/?yp. 1 2 5.32882 - -

6 S uta/-,?.oe ml 2 .79318 - - -

7 Sl tu/ype T 2 a.1218 * - -

8 Pooled ine. 5,6#? 6 .L76' 1.1 2.33 -20%

9 t 3 11 .92?i& - - -

10 AI T 3 .2t31 11 -- 1 NS

U R IT 8 1.17814 - - -

i oeltion () , 2.78913 15 U,.37 ,.

1.33 1P 4 .8550 - -

S? I P 12 1.545 5 is 2.42 .5%

is 3/? 1 P 32 .63501 18 1.53 713%

16 R IP .J0)77 17 .1 os

1-%17 4I I .L 261S

18 Pooled lines 16 & 17 LO .41 5 95

CONFIDENTIAL
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TAMA m.
0GOmtzl VABm ?u Cmt Pintrt±tl ?a OW TYPeS Of MW ft~tlw.I S'4ta

(Vawws' ad Skin Zqwe Ccated &qWat.1j) (9)

lbto.s Test armt - 3.~z s poise; Typ of &Aaw Nod - 3 cM2 cattas

b~~l 1 poata

Salt LAMuppr Layt.
W! Lww is" Us'k Vais t %valt Los ibA&M

I Vadwea& - 0.003 0.001 000 0.0 0.0a1

Sks0.0? 0.0m0 0.0m 0.00 0 .= 0.001

12 ftuowa - 1.518 0.23Z 0.066 0.080 0-23L

Ma0.0%& 3.5z6 0.0% 0.013 0.035 0.065

mX U0-Werwar - lU.M? 6jx1 C.822 0.976 -'-L3

S"0.0" 0.1C I.01. f).dJL 0.135 3..58

IT ~ewa - 6.513 0.53 5.7 "A?,' 3.5 112

Skm2.w& 1.2Q7 0.310 0.06 O.TT9 jXjI
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E xp Decon Suit DC e nSi 7

J.F-gus *3 Figure 4
.J ~ A, oiD, Deco Sui 07C3 ~..
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Figure 5

impregnated Material uged in D7C3 Suit

Figure 6

Witt We'her C ,t-
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